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Summary.-T1 relaxation values of rat liver and spleen tissue have been measured
over a 6-month period whilst feeding with p-dimethyl-aminoazobenzene (DAB).
Measurements of tissue water and iron content have also been made. A small rise in
liver T1 value during the early stages of DAB feeding, from a control value of 296 +
12 ms to 318+12 ms after 3 weeks, probably reflected toxic reaction to the diet
rather than preneoplastic changes.
Spleen T1 value showed a considerable decrease over this same period, from a mean
control value of 505+14 ms to 394+21 ms after 3 weeks on the diet. The possible
origins of this change are discussed.
IT IS NOW well established that malig-
nant tumour tissues frequently show T1
relaxation values above the corresponding
normal tissues (Damadian et al., 1973;
Hollis et al., 1973). It has also been shown
that high T1 values of tumours are
generally associated with increased water
content (Inch et al., 1974; Kiricuta &
Simplaceanu, 1975). Kodama et al. (1978)
investigated changes in T1 value and
water content of liver during the course
of chemical induction of carcinogenesis by
3' - methyl - 4 -dimethyl-aminoazobenzene
(3'-Me-DAB). They observed 2 maxima in
the liver T1 values, on Days 60 and 120
after the start of 3'-Me-DAB feeding. On
Day 90 the mean T1 value was within the
normal range. They ascribed the first peak
of T1 values to immature hepatocytes of
hyperplastic nodules, and the second to
the developed hepatoma cells. Their
results are based on a very small number
of animals, so we decided to extend this
to a larger series of rats and to investigate
the early changes in more detail. We also
investigated the early effects of DAB diet
on the T1 value of spleen tissue. Floyd et
al. (1975) looking at early changes in
tissue-water proton relaxation rates found
that the spleen T1 value decreased rapidly
after the onset offeeding with 3'-Me-DAB.
He attributed this to an increase in the
paramagnetic iron species in the tissue.
We report here the results of measure-
ments on liver and spleen tissue of rats
after feeding with a slower-acting carcino-
gen, p-dimethyl-aminoazobenzene (DAB).
The changes in T1 values are discussed in
relation to preneoplastic transformation
of the liver, and to changes in water and
paramagnetic iron content of the spleen
tissue.
MATERIALS AND METHODS
Young adult Sprague-Dawley rats were
given a diet of Thompson cube No. 1 impreg-
nated with DAB dissolved in vegetable oil.
Trhe concentration of DAB used was such as
to give each rat an average daily dose of
20 mg during the entire period of the study.
Previous work in this laboratory with young
adult Sprague-Dawley rats has shown that
at least 80% ofthe rats develop liver tumours
in 6 months on this diet. Two series of rats
were examined. For the first series, groups of
6 rats were killed at about 2-week intervals300 -1
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over a period of 6 months. For the second
series, batches of 6 rats were sampled at
3-day intervals for one month after the start
of DAB feeding. Rats were killed by ether
anaesthesia and tissue samples were taken
within minutes of death. From each rat, 4
liver samples and 3 spleen samples were
taken. The tissues were cut into pieces and
placed in 5mm-diam. glass tubes with as
little mechanical damage as possible, to form
a column about 5 mm in length. The tubes
were capped and stored on ice until measure-
ments were made, within I h of the death of
the animal.
NMR measurements were carried out at a
frequency of 24 MHz, using a 180' T 90'
pulse sequence. The T, value for each sample
was calculated from the slope of
InMO mz
2MO
against -r where Mz (T) was the initial ampli-
tude ofthe free-inductiondecayfollowing the
90' pulse at time T, and MO was determined
by a single 90' pulse. The fraction of tissue
water which could be removedbyevaporation
was measured for each sample in the second
series. Samples were weighed immediately
after T, measurements had been made, and
then dried to constant weight at a tempera-
ture of65'C for 4days andreweighed.
For ESR measurements ofspleen, chopped
tissue waspacked intoindividually calibrated
3mm-diam. quartz sample tubes. The length
of the sample was sufficient to exceed the
sensitive volume of the ESR cavity. Samples
were frozen immediately in liquid N2 in
which they were stored until examination at
a temperature of 160T. Samples were
examinedwith anX-bandBrukerCompacspec
spectrometer, operating with a modulation
frequency of 100 kHz and a modulation
amplitude between 5 and 20 gauss. The
incident microwave power was 15 mW.
Absorption lines were observed in the spleen
tissue with g values of ,6, 4-3 and 2. The
spectral line at g
-2 arises from a mixture of
low-spin iron and free radicals, and because
of the complexity of its origins was not
examined quantitatively in this study. For
the spectral lines at g
,6 and ,4-3 the peak-
to-peak signal height was taken as a measure
ofspin concentration, since it was shown after
careful examination that these lines remained
the same shape.
RESULTS
Liver
Fig. I shows the values forTj relaxation
times of liver samples from the 2 series
of rats. There was a very small increase in
the T, values, occurring rapidly after the
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FIG. I.-Variation of T, relaxation time of
rat liver tissue with time on DAB diet. Line
is mean control value, shaded band repre-
senting ± s.d. Data points are mean of 6
rats in each case, s.d. being indicated in a
representative sample.
onset of DAB feeding. They then re-
mained relatively constant at the slightly
elevated level, and we did not see the
intermediatepeak in T, valuereportedby
Kodama et al. (1978). The slight increase
in liver Tj values coincided with a small
increase in the percentage water content
from about 70 to 72%. There were gross
morphological changes in the liver after
the 17th week, when some rats developed
cirrhosis, and after the 21st week webegan
to see small tumour nodules. At this stage
the nodules were separated from the non-
transformed host liver and the Tj values
were measured separately. The results in
Fig. I after the 17th week show the mean
T, values of cirrhotic and host liver
samples.Theincreasedstandarddeviations
of the results after this time reflect the
variation in morphology of the liver
samples. There was aslight increase in the
T, value of host tissue bearing large
tumournodules, but this did not vary with
the stage of tumour development. The
tumour nodules measured separately, all
showed T, values > 600 ms, compared
with the corresponding mean host liver T,
value of 330 + 23 ms.C. R. LING AND M. A. FOSTER
Spleen
T1 values for spleen samples are shown
in Fig. 2. There was a difference in the
amount of reaction to the DAB diet
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FIG. 2. Variation of T1 relaxation time of
rat spleen tissue with time on DAB diet.
Line is mean control value, shaded band
representing ± s.d. Data points are means of
6 rats. 0 =Series 1; A =Series 2.
between the 2 series, possibly associated
with a difference in age between the 2
batches. The rats in the second series were
younger and would be more responsive to
the DAB diet (Decloitre et al., 1973). In
both series of rats the spleen T1 value
decreased steadily after the onset of DAB
feeding. In the long-term series the T1
value continued to fall for a period of 12
weeks, after which it remained relatively
constant at about 340 ms (cf. the normal
value of 505 + 14 ms). Paramagnetic ions
reduce the T1 values of liquids, and Floyd
et al. (1975), observing a similar decrease
in spleen T1 values, suggested it was due
to an increase of paramagnetic iron in the
tissue resulting from increased breakdown
of red blood cells in the spleen. We re-
peated Floyd's examination of iron con-
tent in the spleen, using ESR techniques.
Figs 3a and b show the peak-to-peak
heights of the g=6 and g= 4-3 signals
respectively, plotted against the relaxation
rate. The signal at g =6 is derived from
methaemoglobin, a degradation product
of haemoglobin. The signal at g = 4 3 is
associated with high-spin iron, possibly
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FIG. 3.-ESR signals vs NMR T1 relaxation
rate for rat spleen samples. (a) g= 6. (b)
g=4-3.
also derived from haemoglobin catabolism.
The correlation between the ESR signals
and the relaxation rate suggests a relation
between them. The correlation coefficient
between the g= 6 signal and the relaxation
rate is 0-9374. The correlation coefficient
between the g= 4-3 signal and the re-
laxation rate is 0-9212.
Measurement of the percentage weight
of water which could be evaporated by
drying the samples to constant weight
showed that within 3 days of the onset of
DAB feeding there was a reduced water
content of the spleen tissue. The percent-
age water content decreased from an
initial 78% to about 730 after 3 weeks on
the DAB diet, after which it remained
about constant. Fig. 4 shows the relation-
ship between the spleen T1 relaxation rate
and the percentage water content. Also
shown are the results of measurements on
mg- I
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liver, kidney and liver-tumour samples.
These results suggest that the change in Ti
value ofthe spleen tissue is also associated
with a change in the percentage water
conteiit. The correlation coefficient be-
tween the percentage water content of the
spleen samples and the relaxation rate is
0-9337.
80
AA
A
75 A,
A,
A A
0
0 3t 00 u
0 70
1 2 3
Relaxation rate xlo-3(MS-1)
Fic,,. 4.-Water content vs NMR T, relaxatioii
rate for (0) lix-er, (0) kidney, (A) spleen,
(0) liver ttimour.
DISCUSSION
Our findings of variations in liver T,
values during the early stages of DAB
feeding do not support those of Kodama
et al. (I978). Although there was a slight
increase in liver T, value, this occurred
very shortly after the onset of the DAB
diet, and too soon to be associated with
preneoplastic changes. During the early
stages of DAB feeding the body responds
with an acute toxic reaction, and the
small change in T, value in the liver was
probably associated with this reaction.
In the spleen, degrading red blood cells
are accumulated by the phagoeytic action
of the spleen cells. There is also a gross
morphological change, with rapid darken-
ing and increased weight. In the present
experiment the spleen weight doubled
after I week on DAB diet. Histological
examination of the spleen showed a con-
siderable build-up ofred-cell debris among
the spleen cells. The accumulation of
degrading haemoglobin generates the g
= 6
and g
= 4-3 ESR signals.
Floyd et al. (I.975) suggested that the
reduction in spleen T, value results from
increased paramagnetic iron content of
the tissue. However, in ourworkthe corre-
lation of T, relaxation rate, both with the
water content and with the ESR iron
signals, suggests that a decrease in T,
value due directly to a decrease in water
content would be an equally acceptable
explanation. The build-up of red-cell
debris in the spleen would mean that
similar proportions of membrane debris
and iron proteins would accumulate,
and therefore one might expect to
see an increase in the g=6 and g=4-3
signals corresponding to the decrease in
percentage water content. It would there-
fore be difficult to relate the change in T,
relaxation time to either iron accumulation
or water content changes individually.
Also it is not known whether the iron , in
the form of degrading haemoglobin, is in
a state which can affect the mobility of
the water protons, or whether the amount
of paramagnetic iron, although large by
biological standards, is sufficient to affect
substantially the T, relaxation times of
tissue-water protons.
The answers to these questions might
shed more light on the problem of what,
exactly is being measured by NMR spin-
lattice relaxation in tissue, which is still
not sufficiently well understood.
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